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1. Introduction 

Investigation of the fluctuation phenomena changes habitual notion about 
the mixed state of type II superconductors. Before the fluctuation investi- 
gation one thought that the second-order phase transition from the normal 
state into the Abrikosov state takes place in the second critical field, [1]. 
Now it is clear that a phase transition in H C 2 is absent and the transition 
in the Abrikosov state, called now often as "vortex lattice melting", occurs 
below H c2 [2]. Now it is widely recognized that the normal state with su- 
perconducting fluctuation, called as "vortex liquid", exists not only above 
but also below H C 2 [2]. This becomes widely known in the last time, after 
the investigation of the fluctuation phenomena in high-T c superconductors 
(HTSC). Therefore most of scientists connect these changes of the habitual 
notion about the mixed state with the HTSC investigation first of all. More- 
over some authors suppose that these changes of the notion relate to HTSC 
only because they think that the fluctuation effects in conventional supercon- 
ductors are very small [3]. But it is not right. Moreover just the investigation 
of the fluctuation phenomena of conventional superconductors have shown 
first that the transition into the Abrikosov state occurs below H c2 . It was 
made before the HTSC discovery. But these result are not enough known. 
Therefore I will write about these results first of all in this report. I will show 
that the results obtained on high quality samples of Y Bo2CujPt-^ repeat 
in the main our results obtained by the investigation of bulk conventional 
superconductors. In the end I will discuss the main unsolved problem the 
nature of the transition into the Abrikosov state. 

2. Fluctuation effects in bulk superconductors 

I will write about results of investigation which have been obtained in 
1980 - 1984 years. Partly they have been published in that time [4-7], partly 
they have been published recently [8], and some results [9] have not been 
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Figure 1: Resistive transitions in a perpendicular magnetic field of single 
crystals V^Ge [5] (points are experimental dependencies obtained at different 
current values, line is a theoretical paraconductivity dependence obtained in 
Hartree approximation) and YBa2Cu^O-j- x [10-12] 



published for the present. The transition called now "vortex lattice melting" 
was observed in 1981 [5]. On figure 1 the result obtained in this paper on 
conventional superconductors V^Ge is compared with results obtained on 
high quality Y Ba2Cu^0-j- x samples in many papers in last time [10-12]. 
In both change of the same resistive properties is interpreted as a 

transition. But in our work [5] this change was interpreted as a transition 
from the normal state with superconducting fluctuation (which we called as 
"one- dimensional state") into the Abrikosov state whereas in YBa^CujP-j^ 
this change is interpreted as vortex lattice melting [10-12]. Although the 
denomination "vortex lattice melting" has become very popular I think that 
it is bad denomination for this transition. 

The denomination "vortex lattice melting" assumes a existence of a other 
transition from the vortex liquid into the normal state. Many scientists 
think that the vortex liquid is the Abrikosov state also and a transition 
from the vortex liquid into the normal state exist. For example, in some 
works [13] the experimental dependencies of resistivity above the "vortex 
lattice melting" are compared with the flux flow resistivity dependencies. 
It can not be right. There does not exist a experimental base to think 
that two different transition take place on the way from the normal state 
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into the Abrikosov state. Moreover our experimental results show that the 
sole transition from the normal state into the Abrikosov state is observed in 
conventional superconductors. 

The denomination "vortex lattice melting" has appeared from "a ap- 
proach from bottom". In this approach the fluctuation in the Abrikosov 
state is considered. The Abrikosov state is considered as a vortex lattice. 
The fluctuations cause oscillations of the vortex. When the oscillations be- 
come enough big the vortex lattice melting takes place [14]. This image 
is very clear but this approach is quite no rigorous. The theoretical de- 
scription of the Abrikosov state of the real superconductors is very difficult 
because the pinning effect plays very important role there. Therefore all 
theories of the vortex lattice melting base on different models which have 
many assumptions. In most of theories a superconductor without pinning is 
considered. And this is a main assumption that the Abrikosov state exists 
in superconductors without pinning. It is obvious from experiment [15] that 
the Abrikosov state exists in real superconductors but it has not been proved 
that the Abrikosov state exists in ideal superconductor without pinning cen- 
ters. Moreover some authors are proving that the Abrikosov state can not 
exist in ideal superconductors [16-18]. If they are right the theories of vortex 
lattice melting are not right in base. 

I will follow in my paper to "a approach from top". In the beginning I 
will write about the linear approximation region above H c2 . After that I will 
come down in the critical region at H c2 . Then I will tell about the changes 
which are observed at the transition from the normal state into the Abrikosov 
state. In the end of this part I will write about experimental results which 
we have obtained in the Abrikosov state. Because it is obvious now that the 
transition into the Abrikosov state takes place below H c2 we ought denote 
the position of this transition. In work [19] I have denoted the position of 
this transition as H ci . Below I will use by this denomination. 

2.1. LINEAR APPROXIMATION REGION ABOVE H c2 

Theoretical description of fluctuation in normal state is more easy than 
in the Abrikosov state. Therefore more rigorous theories were made for this 
region. Especially rigorous theoretical description was made for the linear 
approximation region [20]. This description is so reliable that on base of it 
we discovered first that the transition into the Abrikosov state takes place 
below H c2 [4]. Later we have confirmed this by a determination of H c2 from 
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the magnetization measurement [7]. 

Our [4,6,8,9] investigation have shown that the experimental dependencies 
in linear approximation region are described very well by Ami-Maki theory 
[20]. The paraconductivity value along and across the magnetic field direction 
is anisotropic near H c2 [8,9]. The anisotropy decreases with removal from 
H c2 . I want draw your attention the rigorous theory by Ami and Maki [20] 
only are valid for HTSC and "dirty" conventional superconductors [9]. The 
approximation theoretical dependencies used in most of works, for example 
obtained from popular Hikami-Larkin [21] and Lawrence-Doniac [22] works, 
do not have a validity region in HTSC. 



2.2. CRITICAL REGION 



Our investigations have shown that in the critical region, the experimen- 
tal dependencies of the magnetization and paraconductivity of bulk con- 
ventional superconductors can be plot as universal function of value (h — 
h c2 )(ht)~ 2 / 3 Gi~ 1 / 3 and are close to a theoretical dependencies for a one- 
dimensional superconductor [6-9]. t = T/T c , h = i7/i7 c2 (0), H C 2(0) = 
-T c (dH c2 /dT) T=Tc , Gi = (fc B T c /# c 2 (0)£ 3 (0)) 2 is the Ginzburg number of 
a bulk superconductor. This result repeated the result of the specific heat 
investigation near H c2 obtained in works [23,24]. These results have easy 
explanation if we use the lowest Landau level (LLL) approximation of the 
fluctuation Ginzburg-Landau theory. The thermodynamic average of any 
quantity, for example order parameter 



., , _ E\^\ 2 exp(-F GL /k B T) 



1 1 £exp(-F Gi /^T) ^ > 

is function of temperature, magnetic field value and superconductor param- 
eters through the relation F GL /k B T only. In a dimensionless unit system 

h ' L ~ E ( £ n + g 2 )l*| 2 + T^tE VWa^*^ A (2) 



k B T ^ y " 1 2V k 

e n = (t — 1 + h + 2nh)/Gin; Gin = Gi^ 3 (th) 2 ^ 3 is Ginzburg number in 
magnetic field; k = (n, q,l); n is the number of the Landau level. 

According to ([I]) and (0) thermodynamic averages depend on temper- 
atures, magnetic field value and superconductor parameters through e = 
e n =o = (t — 1 + h)/ Gin only if terms with n = (LLL) take into account 
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only in (^). Thus, in the LLL approximation region the scaling law is general 
consequence of the fluctuation Ginzburg-Landau theory. 

The relation (fj) in LLL approximation is close to one for a one-dimensional 
superconductor. We may write this relation in following form 

^.w4/* ! f^ + |wl (3) 



1^1 2 is a spatial average value of order parameter. This expression is similar 
to one for one-dimensional superconductor. A main difference consists in a 
difference of a generalized Abrikosov parameter value (3 a = |\I/| 4 /|\I/| 2 which 
is determined by a distribution of the order parameter in the space. Much 
below the transition \l/(r) = const in one-dimensional superconductor and 
consequently /3 a = 1. But function ^(r) = const is not belong to LLL. (This 
has a simple interpretation: a magnetic field must penetrate through super- 
conductor.) Therefore min/3^ > 1 for type II superconductor in a magnetic 
field. As it is well known Abrikosov has been found, in his famous work [25], 
/3 a = 1.18 for a square symmetry structure but later Kleiner, Roth and Aut- 
ler [26] have shown that a triangular symmetry structure has a lesser value 
/3 a ~ 1.16. Now there are no reasons to doubt that minj3 a ~ 1.16 for the 
LLL approximation. 

The difference (3 a value of the LLL and the one-dimensional supercon- 
ductor is small (/3 a changes from 2 above H C 2 to ~ 1.16 below H C 2 in the 
first case and from 2 above T c to 1 below T c in the second case). There- 
fore the dependencies of the quantities connected with a value of the spatial 
average order parameter (see (|3|)) (magnetization, specific heat and others) 
of bulk superconductors near H C 2 are close to the one of a one-dimensional 
superconductor. 

The LLL approximation is valid at h 3> Gi; h — h C 2 <C 2h and h > h C 2/3. 
For conventional superconductors a LLL crossover field H LLL = H c2 (0)Gi ~ 
1 Oe. It is much smaller than the experimental values of the magnetic field 
10 4 Oe used usually for mixed state investigation. But for HTSC the H LLL 
value is much more: for Y Ba2CuzO-j- yi) -£^lll ~ 10 4 Oe, for BiSrCaCuO, 
Hhhh ~ 10 5 Oe. Therefore the validity of the LLL approximation for HTSC 
is no so obvious as for conventional superconductors. However it was shown 
in some works [27] that the experimental dependencies of the magnetization 
and the specific heat of HTSC follow the scaling law obtained in the LLL 
approximation. 
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2.3. TRANSITION INTO THE ABRIKOSOV STATE 



It is followed from the scaling law that in LLL region a transition must 
takes place at the same e C 4 value for all superconductors. Our experimental 
investigations have confirmed this. We have measured [7] the {H C ±/H C 2 — 1) 
value in V%Ge and Nbg4.3M05.-r with different value of the Ginzburg num- 
ber. The relation GiyQe/G^bMo is equal approximately 1000 but for both 
superconductors the e c4 ~ — 1 [19]. The e c4 value of YBa 2 Cu 3 7 ^ x is equal 
approximately -1 also. Thus now there are not reasons to think that the fluc- 
tuation effects in YBa2Cu^OT- x differ heavily from the one of conventional 
bulk superconductors. 

The transition in the H C 4 connects with changes of resistive properties first 
of all. There are observed the following changes: 1) Above H c4 the current- 
voltage characteristics are Ohmic and below H C 4 they are non-Ohmic. 2) 
Above H C 4 the resistive dependencies are described by the paraconductivity 
theory and below H C 4 they can not be described by this theory. 3) The 
main change: the resistive properties of enough homogeneous samples with 
different amount of pinning centers are universal above H C 4 and they are 
non-universal below H C 4. It is obvious that this changes connect with the 
vortex pinning appearance. 

From these results which we have obtained fifteen years ago [5] was clear 
that the transition into the Abrikosov state occurs below H C 2. Our investi- 
gations of high homogeneous samples have shown that this transition much 
narrower than the "transition" on the specific heat, magnetization and on 
other properties connected with the spatial average order parameter. Thus, 
the experimental data indicate that two "transition" are observed [19]. It is 
obvious that the wide "transition" is a crossover connected with change of 
the spatial average order parameter and the narrow transition is connected 
with a change of a distribution of the order parameter in space (see values 
|\1/| 2 and /3 a in the relation (§)). The famous Abrikosov work [25] investigated 
the distribution of the order parameter in space (the value of the spatial av- 
erage order parameter can be easy calculated (see relation (]3|)). Therefore 
the narrow transition (but no the wide crossover) ought be considered as the 
transition into the Abrikosov state. 

Above three changes are observed in YBa2Cu^07- x single-crystals also. 
We observed a fourth change also: 4) The flux flow resistivity decreases at 
H c4 [4,9]. Such changes of the flux flow resistivity we observed on all enough 
homogeneous superconductors which we measured. It is follow from these 
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results that the theoretical dependencies for the flux flow resistivity obtained 
in the mean field approximation (see [28]) do not have a validity region in 
"dirty" superconductors. 

Our measurement of resistivity along magnetic field and the measure- 
ment the non-local resistivity [8.9] have shown that any transition connected 
with break of symmetry along magnetic field [2] is not observed above H c ± 
in conventional superconductors. Thus, our results prove that the sole tran- 
sition from the normal state into the Abrikosov state is observed near H C 2 in 
conventional superconductors. 

2.4. PROPERTIES OF THE ABRIKOSOV STATE OF REAL SUPER- 
CONDUCTORS 

Below H C 4 the resistive properties of different samples are non-universal. 
The current-voltage characteristics are non-Ohmic and have different form 
for different samples. At big current the current-voltage characteristics of 
samples with a small critical current can be described by a relation E = 
Pf(j — Jed), where pi is the flux flow resistivity and jd is the dynamic critical 
current. But even the flux flow resistivity dependence is no quite universal 
for different samples [9]. 

The critical current dependencies j c (H) of different samples are very dif- 
ferent. j c {H) of some samples have a pick near iJ c4 and the one of other 
samples do not have this pick [9]. The height of the pick was different in 
different samples. The critical current value in the pick reached 50 of this 
value before the pick [9]. 

The flux creep was observed in some samples near H c4 and was not 
observed in other samples [9]. We observed the change a curvature on a 
logl — logV plot which was interpreted in some recent papers [29] as a tran- 
sition from a vortex-glass into the vortex liquid. But our results [9] are 
explained by classical Kim- Anderson flux creep theory. 

Our investigation have shown that the irreversibility line can not be in- 
terpreted as a position of a transition, because the position of this line is 
no universal for different samples [9]. The irreversibility line of samples with 
weak pinning is situated well below the H c4: [9]. The same was shown recently 
for YBa 2 Cu 3 7 - x [30]. 

In consequence of the flux creep the resistivity at small current may be 
very small below H ci [9]. It causes a artifact in the magnetization dependence 
if a sample moving is used at the measurement [7,9]. In resent works [30,31] 
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a "discontinuity" in the magnetization at the transition into the Abrikosov 
state was observed in YBa2CusOj^ x sample with weak pinning. This dis- 
continuity was interpreted as a consequence of a first order transition. But 
this discontinuity may be the artifact caused by sharp decreasing resistivity 
of sample below H ci as well as in conventional superconductors. 

You see now that the state belowif C 4 is much more difficult for theoretical 
description than the state above H ci . It is very difficult to described a state 
in which properties are not universal. Therefore the "approach from bottom" 
is bad. 

3. About nature of the transition into the Abrikosov state 

It is clear from the experimental results what occurs in H ci . Above H c ± 
we have the normal state with superconducting fluctuation. Below H c ^ the 
voltage at small current is equal zero if the flux creep is absent. According to 
the Josephson relation hdip/dt = 2eV, V = means that the phase difference 
ip between points of a sample is a constant in time. This means that above 
H ci we can not conduct a line through superconducting region only and 
below H C 4 we can make it. Thus, it is obvious that the phase coherence 
appears below H^. But it is not known now what type is this transition. 
This problem is connected with a problem of existence of the Abrikosov state 
in ideal superconductors without pinning. 

Results of our recent investigation of fluctuation effects in thin films of 
conventional superconductors [32] are important for the understanding the 
nature of the transition into the Abrikosov state. We have found that the 
position of the change of the resistive properties which we interpret as the 
transition into the Abrikosov state depend on a amount of pinning centers 
in thin films. In thin films with small amount of pinning centers this change 
do not observed up to very low magnetic field. The resistivity dependencies 
are described by the paraconductivity dependencies well below H C 2. 

We interpret it as a dependence of a position of the transition into the 
Abrikosov state, H ci , on a amount of pinning centers of two-dimensional 
superconductors and absence of the Abrikosov state in ideal superconductors. 
In my recently work [18] I have propose a concept of the transition into the 
Abrikosov state in two-dimensional superconductor according to which the 
position of this transition depend on a sample size or a amount of pinning 
centers. 
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